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3 flOMeHa >km3hm: cpaBHMTenbHa^ 

xapaKTepucTMKa 




Techniques for Determining Microbial 
Taxonomy and Phylogeny 



Classical Characteristics 

- morphological 

- physiological 

- biochemical 

- ecological 

- genetic 

- a new prokaryotic species cannot be 
recognized until it has been published in the 
International Journal of Systematic and 
Evolutionary Microbiology 




Table 19.5 Some Physiological and Metabolic 

Characteristics Used in Classification 
and Identification 



Carbon and nitrogen sources 

Cell wall constituents 

Energy sources 

Fermentation products 

General nutritional type 

Growth temperature optimum and range 

Luminescence 

Mechanisms of energy conversion 
Motility 

Osmotic tolerance 

Oxygen relationships 

pH optimum and growth range 

Pholosynlhetic pigments 

Salt requirements and tolerance 

Secondary metabolites formed 

Sensitivity to metabolic inhibitors and antibiotics 

Storage inclusions 



I. Isolation and microscopy 

Isolation Pure culture 

II. General physiology 

Gram-negative rod Facultative 

■■■•Detailed physiology 

Facultative 
lactose fermenter 



Perform 
series of 
biochemical 
tests 



IV. Conclusion 



Gram reaction/ 
morphology 



Ferments 
lactose to 
acid/gas 

Positive: 

indole, methyl red, 
mucate; 

Negative: citrate, 
Voges-Proskauer, 
H 2 S 

Esthemhia toll 
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Molecular Approaches 

♦ extremely important because almost no fossil record was 
left by microbes 

♦ allows for the collection of a large and accurate data set 
from many organisms 

♦ phylogenetic inferences based on these provide the best 
analysis of microbial evolution currently available 

♦ comparison of proteins 

♦ nucleic acid base composition 

♦ nucleic acid hybridization 

♦ nucleic acid sequencing 
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GC (mol %) 




Five Kingdom System 



Multi- and unicellular, walled 
eukaryotes, absorptive nutrition 



multicellular, 
walled eukaryotic 
cells, 

photoautotrophs 



Plantae 



Fungi 



Animalia 



unicellular 
eukaryotes, 
varied types 
of nutrition 




multicellular, 

wall-less 

eukaryotes, 

ingestive 

nutrition 



all procaryotes 



No longer accepted 

- major problem is lack of distinction between archaea and bacteria 

- kingdom Protista is too diverse to be taxonomically useful 

- the boundaries between kingdoms Protista , Plantae and Fungi are ill-defined 




Six-Kingdom System divides Procaryotae ( Monera ) 
into the Eu bacteria and Archaeobacteria 



Plantae Fungi Animalia 






Eight-Kingdom System divides all organisms 
into two empires and eight kingdoms 



Plantae 



Chromista 




Fungi 



Animalia 



Empire 

Eucaryota 



Archezoa 



Archaeobacteria 



Eubacteria 



Empire 

Bacteria 





K/iaccnc|3MKauMa Be,qeTca Ha ocHOBe cpaBHeHMn 6noMoneKyn , 

KOTopbie Bbifle/iaraT b 3 K/iacca: 

♦ - CeMaHTMAbl (nepBMHHbie CeMaHTMflbl - flHK, BTOpMMHbie - PHK, 
TpeTMHHbie - 6e/lKH) — 3TO HOCHTe/lM reHOTMnHHeCKOM MHC|50pMaUMM 
(nepBMHHaji CTpyKTypa paccMaTpMBaeTca KaK MCTopMHecKMM 
flOKyMeHT 3BO/1K3UHM M MCnOJlb3yeTCfl BbmCHeHMfl 
3BO/lH3UHOHHblX CBfl3eM) 

♦ - armceMaHTMAbi - Mo/iexy/ibi, CMHTe3npyeMbie ripn ynacTHM 
TpeTMHHbIX CeMaHTMfl (MeTa6o/lMTbl, ATO, nHTMeHTbl, KOC|DepMeHTbl, 

m.) 

♦ - aceMaHTwecKMe Mo/iexy/ibi - He cnHTe3npyioTCfl flaHHbiM 
OpraHM3MOM M He HecyT MHC|50pMaUMM O HeM (3K30reHHbie 
BMTaMMHbl, <J)OC4)aT, KMC/lOpOfl, BHpyCHbie KOMnOHeHTbl) . 



♦ COBpeMeHHOM K/iaCCMC(5MKaUHM MCnO/lb3ytOT TO/lbKO CeMaHTHflbl 




Tpe6oBaHkm k HaflewHOMy cfc>nnoreHeTkHecKOMy MapKepy 
(nocneflOBaienbHOCTM-xpoHOMeTpbi): 



1-yHMBepca/ibHOCTb (ecTb y Bcex) 

♦ 2-r0M0/10rH4H0CTb H OpTO/1 OrM’HHOCTb, T.e. He TO/lbKO 
nponcxofl5iT ot o6mero npeflKa, ho m ct>yHKi4HOHajibHO 
nOCTOflHHbl, M T.O. ASB/ieHMe OT6opa CXOflHO npH CXOflCTBe 
cfjyHKUHki 

♦ 3 - reHeTHHecKM CTa6n/ibHbi (reHbi «AOMawHero xo3HMCTBa» 
o6ecneHHBaKDT ocHOBy >KM3HefleflTe/ibHOCTn), ripn btom 
B 03M0>KH0CTb ropn30HTa/ibHoro nepeHoca oueHHBaeTCfl 
aHa/lH30M XMMepHbIX npH3HaKOB. 




//V 

; "ii 

•of 4 ** 



710 

I 



4 I C 1 1 ( 1( 

I • I I NI- 

SO SAC ( VS 

I 



I 



m*: 

vt 



A A 0 

0 — c 

. 7 .- 5 -C 

0 — c 

6 — C 

# . s — 7*0 



• —A 

• — C 

*40— C —0 

!“»a 



710 



7f# 

I 

A • A 



4 -<' 

0 — c 

A — * 

_*a*< 



6 — C 
C — C i'oo 
4 — C / 

' * 

“ AC 0 AOC 

0 I II I I I 

V • 4MCI(« 
4-1 
A — S 
A « 

0 S 

10)0 



1110 

I 11)0 

■ ■'» I 

•***< 1 * *4 

CCSSA SCCSSS* *ru c A* V c 

I I • • II I I I I I loll I I I * c 

MIMI 4MAAAC 4,44 »(C4< 

| {2*1144 ,4 0 |#C* I 

,e7 ° u — A A C " 5 ® »4# 

o — * 



_ *11400 



0 — 1140 

C«. 



4)0 

. » * « 

CCSS6C DSC 4 I ( VGA CVOOCAAOC 

I I • I I I • I I I I I I I I I - - I I I 



10)0 

As 040 4A i«' — 1040 OS •« 

; Mill- /c. 10)0 c -s 

•S:<‘ 

M 10,0 C \ / /^ k ( 6 — * “* 

■ M ill •• I I I I I I I I I • • I II • I /I. , _ • “ < .*!• M \ c • # 'lift' ( * ~ " ** 

• t «04<CC 414 4444( 1 441 1 4 U M 4 // y ( | ( ( y/O— C— 4/ C o I**®* C— 0< 

‘ | A I «y. ‘*- 740*4 -<C« f V S S A <*>•-* 

'»* 400 540 *• 4 , A * .« S s* *»•*-( 

*!-«)* * { *« 
.■a .*70 . tO( 4 A(ll v\ ( 0 r 



• — A ■ 1174— A * 

C A — 1 * 1 



*#4 - S* 

« — 4 

0 — c 

t — A 
0 — c II # 



Ribosomal 

RNA 



«/ v;> 



4SC0ACSS \ \ 



* » CA4CS44A « , 

• * J # ,n> c a * 

«««A4 ■* < «*< C® 

..II ‘ 



6 t « SS . .■•-< 

470-C 6 \\«|* »* O-C 
A 6 C , 60 V — A 

A 4 6 — C —12)0 

< 4 ■ 



7! { <f * 6 
: *\\\ 

i aw . |l r • *L * 

i*<, .* }-« c * 

»**> 



Nucleotides: 16S 
(-1500) 




Nucleotides: 
5S 23S 

(-120) (-2900) 

t t 

0 -34 1 1 

proteins 50 ^ 

subunit 



proteins 

30S subunit 
-34 



»» <\v <=:, 

l ( C \V|*" ,M • A * 

2)0-5-? 

•“ s> : • 

t -7 a e K 



O 



2)0* _ 3 — 1*0 
1 < — 0 \ kk 

, < 4 4 (( 4( 4 4 ® C **4*44*41 CSACS4* 

; 1 1 1 1 • 1 1 • i 1 1 oi i 1 1 1 1 • i *- 

'gCC 4444A4 C CC.SA 0AS40C** 

*• I * ** * V 

M°l / 1 

‘ . / 

A — S 
4 — C 
1*0— A 



70S 

ribosome 



(0 

Figure 11-11 Brock Biology of Microorganisms 11/e 
© 2006 Pearson Prentice Hall, Inc. 



♦ B 1990 r. BBe/jeHa rno6ajibHafl K/iaccnc|DHKai 4 Hfl, 
r,qe BBefleHa KOHuenuna AOMeHa >km3hm. 

♦ TaKCOH flOMeHa 6t >m npe/yioweiH KaK 6o/iee 
BbICOKMM no OTHOLUeHMK) K LiapCTBy. 

♦ Archaea (nepeBoanTCA KaK nepBbin, 
npnMHTHBHbin, b flaHHOM c/iynae no OTHOLueHnK) k 
ayKapnoTaM), Bacteria, Eukarya. 




Universal Phylogenetic Tree 
three domains of life: Bacteria; Archaea; Eucarya 




The three-domain proposal based on the ribosomal RNA tree. 
Woese et al. PNAS. 87:4576-4579. (1990) 






Signature sequences from 16S or 18S rRNA defining the three domains of life 



Oligonucleotide 

signatures' 1 


Approximate 

position 1 ’ 




Occurrence among* 7 


Bacteria 


Archaea 


Eukaiya 


CACYYG 


315 


>95 


0 


0 


AAACUCAAA 


910 


100 


3 


0 


AAACUUAAAG 


910 


0 


100 


100 


YUYAAUUG 


960 


<1 


100 


100 


CAACCYYCR 


1110 


>95 


0 


0 


UCCCUG 


1380 


0 


>95 


100 


UACACACCG 


1400 


>99 


0 


100 


CACACACCG 


1400 


0 


too 


0 



a Y, any pyrimidine; R, any purine. 

1 Refer to Figure 11.11c for numbering scheme of 16S rRNA. 

c Occurrence refers to percentage of organisms examined in any domain that contain that sequence. 
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PROKARYOTES 



EUKARYOTES 



Flavobacteria 



Bacteria 



Archaea 




Green nonsulfur 
bacteria 



Entamoebae 



Mitochondrion 



Euryarchaeota 
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Gram- /cr.nanhaeota \ . 

1 \ / 
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Chloroplast 
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\ 



Marine 
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Thermotoga 
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\ 
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The three-domain proposal, with continuous 
lateral gene transfer among domains. 
Doolittle Science 284:2124-2128. (1999) 



The ring of life, incorporating 
lateral gene transfer but preserving 
the prokaryote-eukaryote divide. 
Rivera MC and Lake JA. Nature 431: 
152-155. (2004) 



Eukaryotes 



Archaebacteria 





XapaKTepMCTMKM, KOTOpbie BbmBnflJOT OTJlMHMfl 

Me>Kfly flOMeHaivm: 

♦ Mopcjjo/iorMHecKne, b t.<h. Ha/iM'-me fl,qpa, opraHe/m 

♦ OpraHM3auM)i noBepxHocmoro annapaTa, b t. 4. CTpyKTypa 
MeM6paH M K/ieTCHHblX CTeHOK 

♦ OpraHM3ai4km reHeTMMecKoro MaTepwa/ia (xpoMaTMH, po/ib 
6e/iKOB, CTpyKTypa reHOB) 

♦ PermMKaui/m m fle/iehme K/ieTKH 

♦ 3Kcnpeccn5R reHOB, b t.h. 4)epMeHTbi TpaHCKpunuMM, 
npOMOTOpbl 

♦ CnHTe3 6e/iKa: CTpyKTypa pm6ocom, reHeT.KOA 

♦ HyBCTBMTe/lbHOCTb K aHTM6MOTMKaM 

♦ npoueccuHr PHK, MOflucjjMKaumi 6e/iKOB 

♦ MeTa6o/iH3M, b t.m. pa3Hoo6pa3ne 3HepreTHMecKMX 
CTpaTerkiii, KaTa6o/iM'HecKafl m cuHTeTM^ecKaji aKTMBHOCTb 

MeJKK/ieTCHHbie B3aMMOfleilCTBkm, MHOTOK/ieTCHHOCTb 




Table 11.3 Summary of major differential features among Bacteria , Archaea, and Eukarya a 



Characteristic 


Bacteria 


Archaea 


Eukarya 


Morphological and Genetic 








Prokaryotic cell structure 


Yes 


Yes 


No 


DNA present in covalently closed and circular form 


Yes 


Yes 


No 


Histone proteins present 


No 


Yes 


Yes 


Membrane-enclosed nucleus 


Absent 


Absent 


Prpsont 


Cell wall 


Muramic acid present 


Muramic acid 
absent 


Muramic acid 
absent 


Membrane lipids 


Ester-linked 


Ether-linked 


Ester-linked 


Ribosomes (mass) 


70S 


70S 


80S 


Initiator tRNA 


Formylmethionine 


Methionine 


Methionine 


Introns in most genes 


No 


No 


—Yes 


Operons 


Yes 


Yes 


No 


Capping and poly-A tailing of mRNA 


No 


No 


Yes 


Plasmids 


Yes 


Yes 


Rare 


Ribosome sensitivity to diphtheria toxin 


No 


Yes 


Yes 


RNA polymerases (see Figure 11.19) 


One (4 subunits) 


Several (8-12 
subunits each) 


Three (12-14 
subunits each) 


Transcription factors required ( *3^ Section 7.11) 


No 


Yes 


Yes 


Promoter structure (<33s> Sections 7.10 and 7.11) 


-10 and -35 
sequences 
(Pribnow box) 


TATA box 


TATA box 


Sensitivity to chloramphenicol, streptomycin, and kanamycin 
" Note that for many features only particular representatives within a 


i Yes 

domain show the property. 


No 


No 


’ Environmental genomics studies of prokaryotes in marine waters strongly suggest that nitrifying Archaea exist ( <3^ Section 18.6). 
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l1pM3HaK 


BaKTepMM 


Apxew 


SyKapMOTbi 


YpoBeHb opraHM3ai4MM 


ripOKapMOTMH. 


ripoKapMOTMH. 


ayKapMOTkinecKan 


XpOMOCOMbl 


1 KonbMeBan kinn 

nMHeMHan (kinn HecKonbKo) 


1 KonbqeBan 


HecKonbKo nMHeMHbix 


OnepoHbi 


+ 


+ 


— 


ripOMOTOpbl 


-10 (TATAAT) 


-25, AT-6oraT. 


TATA-6oKCbi m AP- 


TeHbi pPHK 


OGlamm TpaHCKpMnT 


AHanor.6aKTepnflM, 

MCKntOH 


OGlamm TpaHCKpMnT 6e3 5S 


Pa3Mepbi pPHK 


16S, 23S, 5S 


16S, 23S, 5S 


18S, 28S, 5,8S, 5S 


PHK-nonnMepa3bi 


1 OCHOBHOM + pa3Hbie a 

c/e 


1 cjDepMeHT 


3 f\r in pa3Hbix reHOB 


KanupoBaHHbie mPHK 


— 


y HeK. ripMcyT. 


I - ! pMCyTCTBytOT 


5'-nn,qepHbie oOnacTM b 
mPHK 


+ 


?KOpOTKMe v\nv\ OTCyTCT. 


+ 


3'-nonn-A-XBOCTbi 


- win HecTa6nn 


?OTCyTCTByK)T 


OOblHHO + 


Pa3Mepbi pmOocom 


70S 


70S 


80S 


MyBCTBmenbHOCTb 30S 

pn60C0M K aHTMOMOTMKaM 


XnopaMcjDeHMKon m AP- 




LlMKnoreKCMMMA 


MyBCTBmenbHOCTb k 

flMCfDTepMMHOMy TOKCMHy 


" 


+ 


+ 


1/lHMMMaTopHan tPHK 


c}3opMnnMeT 


MeT 


MeT 



Pn60C0Mbl 

•y oyKapuom 80S= 60S (25-28S+5,8S+5S+49prot)+40S(18S+33prot) 
•y npoKapi/ioT 70S = 50S (5S+23S+34prot)+ 30S (16S+21prot) 




























































Sensitivity of representatives of the three domains to various protein synthesis inhibitors 11 







Rrchaea 


Bacteria 


Eukarya 


Antibiotics 


Mode of action 


Cren 


Eury 


Escherichia Saccharomyces 






archaeota 


archaeota 


coli 


cerevisiae 


Fusidic acid. 


Inhibits elongation 


— 


+ 


+ 


+ 


sparsomyrin 


steps 










Anisomycin, 


Inhibits peptidvl 


— 


+ 


— 


+ 


narciclasine 


transfer 










Cvdohex imide 


Blocks initiation 


— 


— 




+ 


Erythromycin, 


Increases error 


— 


— 


+ 


— 


streptomycin, 


frequencies and 










chloramphenicol 


other effects 










Virginiamycin, 


Inhibits elongation 


— 


+ 


+ 


— 


pulvomycin 


steps 










Neomycin, 


Causes premature 


+ 


+ 


+ 


+ 


puiomydn 


termination 










Ri fa m vein 


Inhibits jS subunit of 


— 


— 


+ 


— 




RNA polymerase 











a A + indicates that protein synthesis (and growth) is inhibited. 
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Table 11.3 Summary of major differential features among Bacteria, Archaea, and Eukarya a 



Characteristic 


Bacteria 


Archaea 


Eukarya 


Physiological/Special Structures 








Methanogenesis 


No 


Yes 


No 


Dissimilative reduction of S° or S0 4 2 to H 2 S, or Fe v to Fe 2 * 


Yes 


Yes 


No 


Nitrification 


Yes 


No 1, 


No 


Denitrification 


Yes 


Yes 


No 


Nitrogen fixation 


Yes 


Yes 


No 


Chlorophyll-based photosynthesis 


Yes 


No 


Yes (in chloroplasts) 


Rhodopsin-based energy metabolism 


Yes 


Yes 


No 


Chemolithotrophy (Fe, S, H 2 ) 


Yes 


Yes 


No 


Gas vesicles 


Yes 


Yes 


No 


Synthesis of carbon storage granules composed of 


Yes 


Yes 


No 


poly-j3-hydroxyalkanoates 








Growth above 80 c C 


Yes 


Yes 


No 


Growth above 100°C 


No 


Yes 


No 



a Note that for many features only particular representatives within a domain show the property. 

' Environmental genomics studies of prokaryotes in marine waters strongly suggest that nitrifying Archaea exist Section 18.6). 
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SHepreTMKa KneTOK: pa3Hoo6pa3ne cTpaTemft 




C/K «BMOXMMMfl KJieTKI/l» 
JleKLina 1-2 



Kjiaccnc|Dm<aMMfl twiob MeTa6onn3Ma no 
ncTOHHMKaM 3Heprnn, aneicrpoHOB m yrnepofla 



C hem i cats 



v 

Chemotrophy 



V 

Phototrophy 



Chemical energy 
=> chemotrophy 



Inorganic (C0 2 ) 
carbon source 
=> autotrophy 



Inorganic 

H / e- donor 
=> lithotrophy 



Organic 
carbon source 
=> heterotrophy 



Organic 

H/ e- donor 
=> organotrophy 



Light energy 
=> phototrophy 



Inorganic (C0 2 ) 
carbon source 
=> autotrophy 



Inorganic 

H / e- donor 
=> lithotrophy 



Organic 
carbon source 
=> heterotrophy 



Organic 

H/ e- donor 
=> organotrophy 



JloKarm3aunfl aHepreTMHecKMx npoueccoB 





XGMOTpo4>ii5i 


C|>OTOTpo4>Mfi 


Accmmmjibumb 

3 Hepmi 4 


B BMAe XMMMH. 
noTeHuna/ia 
cy6cTpaia 


b BMAe TpaHCMeM6paHHoro 
3/ieKTpoxMMMHecKoro noTeHUMa/ia 


flpoMecc, 
o6ecneHMBa- 
10114 mm 3 HeprMeM 


Cy6cTpaTHoe 
c|x)cc|DopM/iMp-e; 
npeBpaLueHMe 
TM03(J)Mp0B (KoA)/ 

6po>KeHMe 


OKMC/lMTe/lbHOe 

CjDOCCjDOpM/lM- 

poBaHMe/ 

Abixahwe 


OOTOCMHTe3 


JloKa/iM 3 auM$i 
3 h e p rem nee kmx 
npoMeccoa 


UMT030/lbHbie 

peaKUMM 

(AerMAporeHa3bi) 


MeM6paHHbie CMCTeMbi 3TI4 
(UMTOXpOMbl, Fe-S-LieHTpbl, XMHOHbl) 







XEMOTPOQMfl 




XeMoOpraHOTpoc|3bi 


XeMO/1 HTOTpocjJbi 


Mctohhmk C 


OpraHMHecKMe coeA-fl 


co 2 


flOHOp 

3/ieKTpOHOB 


OpraHMHecKMe coeA-fl 


h 2 s/s nh 3 no 2 h 2 


AKuenTop 

3/ieKTpOHOB 


OpraHMM. 

coeAMHeHMJi 


no 3 - no 2 - so 4 2 - 


o 2 


0 2 


co 2 


06MeH 


AHaapo6HbiPi 


A3po6HbiPi 


Ainas 

po6 


Accmmmjishj 
MSI 3HeprMM 


B BMAe XMMMH. 
noTeHuna/ia 
cy6cTpaia 


b BMAe TpaHCMeM6paHHoro 3/ieKTpoxMMMHecKoro noTeHUMa/ia 


JlOKa/lM- 

3ai4MS1 


UMT030/lbHbie 
peaKUMM (flO 


MeM6paHHbie CMCTeMbi 3TI4 
(UMTOXpOMbl, Fe-S-LieHTpbl, XMHOHbl) 


CklHTe3 

ATO 


cy6cTpaTHoe 

c|D0cclD0pM/i-e; 

npeBpaLueHne 

TM03(J)Mp0B 


OKMC/lMTe/lbHOe CjDOCCjDOpM/lMpOBaHMe 


Bpowei-me 


AbixaHiie (aHaapo6Hoe m aapo6Hoe) 





XEMOTPOQMfl 




XeMoOpraHOTpoc|3bi 


XeMO/1 HTOTpocjJbi 


Mctohhmk C 


OpraHMHecKMe coeA-fl 


co 2 


flOHOp 

3/ieKTpOHOB 


OpraHMHecKMe coeA-fl 


h 2 s/s nh 3 no 2 h 2 


AKuenTop 

3/ieKTpOHOB 


OpraHMM. 

coeAMHeHMJi 


no 3 - no 2 - so 4 2 - 


o 2 


0 2 


co 2 


06MeH 


AHaapo6HbiPi 


A3po6HbiPi 


Ainas 

po6 


Accmmmjishj 
MSI 3HeprMM 


B BMAe XMMMH. 
noTeHuna/ia 
cy6cTpaia 


b BMAe TpaHCMeM6paHHoro 3/ieKTpoxMMMHecKoro noTeHUMa/ia 


JlOKa/lM- 

3ai4MS1 


UMT030/lbHbie 
peaKUMM (flO 


MeM6paHHbie CMCTeMbi 3TI4 
(UMTOXpOMbl, Fe-S-LieHTpbl, XMHOHbl) 


CklHTe3 

ATO 


cy6cTpaTHoe 

c|D0cclD0pM/i-e; 

npeBpaLueHne 

TM03(J)Mp0B 


OKMC/lMTe/lbHOe CjDOCCjDOpM/lMpOBaHMe 


C^Bpo>KeHne^ 


> flbixaHMe (aHaapo6Hoe m aapo6Hoe) 



FERMENTATION PATHWAYS ALLOWS CELLS 
TO REGENERATE NAD + FOR GLYCOLSIS 



















3 Tuna mMKonmMHecKMX nyiew y npoKapnoi: 



♦ 3M6,aeHa-MeMepxoc|3a (oKuc/ieHne nntOK03bi 
nepe3 <t>pyKT030fli/ic|30cc|3aT, eflMHCTBeHHbm 
fl /151 3yKapnoT, ecTb y nacTM 6aKTepnM) 

♦ BHTHepa-flyflopoBa K/iaccunecKUM min 
4>occ()opM/iMpoBaHHbiM (nepe3 
<i>0C(i)0 r/1 K) KO H aT) 

♦ BHTHepa-flyflOpOBa He<£OC<t>OpMJlMpOBaHHblM 
(nepe3 r/ifOKOHaT) 





Figure 14-10 

Lehninger Principles of Biochemistry, Fifth Edition 

© 2008 W. H. Freeman and Company 
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AapoSHoe flbixam/ie 





Standard Reduction Potentials of Respiratory Chain and Related Electron Carriers 



Redox reaction (half-reaction) £'° ( V) 

2H + + 2e“ » H 2 -0.414 

NAD + + H + + 2e“ > NADH -0.320 

NADP + + H+ + 2e~ > NADPH -0.324 

NADH dehydrogenase (FMN) 4- 2H + + 2e" * NADH dehydrogenase (FMNH 2 ) —0.30 

Ubiquinone + 2H + + 2e~ » ubiquinol 0.045 

Cytochrome b (Fe 3+ ) + e“ » cytochrome b (Fe 2+ ) 0.077 

Cytochrome c t (Fe 3+ ) + e~ > cytochrome c t (Fe 2+ ) 0.22 

Cytochrome c (Fe 3+ ) + e~ > cytochrome c (Fe 2+ ) 0.254 

Cytochrome a (Fe 3+ ) + e~ > cytochrome a (Fe 2+ ) 0.29 

Cytochrome a 3 (Fe 3+ ) + e~ > cytochrome a 3 (Fe 2+ ) 0.35 

\0 2 + 2H + + 2e“ > H z O 0.8166 
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TABLE 18.2 Components of the mitochondrial electron-transport chain 
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Sources: J. W. DePierre and L. Emster, Annu. Rev. Biochem. 46(1977):215; Y. Hatefi, 
Annu Rev. Biochem. 54(1985);1015; and J. E. Walker, Q. Rev. Biophys. 25(1992):253. 
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NADH:Ubiquinone 
Oxidoreductase 
Complex I 

One of the largest macro- 
molecular assemblies 



♦ Over 40 different polypeptide chains, encoded by both nuclear and 
mitochondrial genes 

♦ NADH binding site in the matrix side 

♦ Non-covalently bound flavin mononucleotide (FMN) accepts two 
electrons from NADH 

♦ Several iron-sulfur centers pass one electron at the time toward 
the ubiquinone binding site 



I/ICTOHHMKM 3JieKTpOHOB flllfl nepeflaMM Ha y6MXMHOH 




Intermembrane 
space (p side) 



NAD+ 



NADH + H+ 



Matrix (n side) 



Glycerol 
3-phosphate 
dehydrogenase 



Glycerol 

3-phosphate 

(cytosolic) 



oxidoreductase 



ETF 



Succinate 



Fumarate 



Acyl-CoA 

dehydrogenase 



Fatty acyl-CoA 



Enoyl-CoA 



Figure 19-8 

I Lehninger Principles of Biochemistry, Fifth Edition 

© 2008 W. H. Freeman and Company 




ripo6neMa 1-aneKTpom-ioro nepeHOca 

(XMHOH - UMTOXpOM) 




Cytochrome 
Oxidase 
Complex IV 




Mammalian cytochrome 
oxidase is a membrane 
protein with 13 subunits 

♦ Contains two heme groups 

♦ Contains copper ions 

- Two ions (Cu A ) form a 
binuclear center 

- Another ion (Cu B ) bonded 
to heme forms Fe-Cu 
center 



A proposed reaction cycle for the four-electron reduction of 0 2 by 
cytochrome c oxidase (at the Heme a 3 -Cu B center) 
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Agents That Interfere with Oxidative Phosphorylation or Photophosphorylation 



Type of interference 


Compound* 


Target/mode of action 


Inhibition of electron transfer 


Cyanide 

Carbon monoxide 


h Inhibit cytochrome oxidase 




Antimycin A 


Blocks electron transfer from cytochrome b to cytochrome c 1 




Myxothiazol 
Rotenone 
Amytal 
Piericidin A 


- Prevent electron transfer from Fe-S center to ubiquinone 




DCMU 


Competes with Q B for binding site in PSII 


Inhibition of ATP synthase 


Aurovertin 


Inhibits F, 




Oligomycin 
Venturicidin J 


l Inhibit F n and CF n 

O O 




DCCD 


Blocks proton flow through F Q and CF 0 


Uncoupling of phosphorylation 
from electron transfer 


FCCP 1 

DNP | 


j- Hydrophobic proton carriers 




Valinomycin 


K + ionophore 




Thermogenin 


In brown adipose tissue, forms proton-conducting pores in 
inner mitochondrial membrane 


Inhibition of ATP-ADP exchange 


Atractyloside 


Inhibits adenine nucleotide translocase 



*DCMU is 3-(3,4-dichlorophenyl)-1,1-dimethylurea;DCCD,dicyclohexylcarbodiimide; FCCP, cyanide-p-trifluoromethoxyphenylhydrazone; 
DNP, 2,4-dinitrophenol. 
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AapoSHoe flbixawie: pa3HOo6pa3ne 
flbixaienbHbix ueneM 



High oxygen concentrations 



Low oxygen concentrations 




Fig. 4-1 I Diversity of Electron Transport Chains. The actual carriers of electrons in- 
volved in this transport system vary among microorganisms. What is critical is the establishment of 
a sequence of oxidation-reduction reactions that establish a link between the electron donor and 
the terminal electron acceptor. In some cases, such as within Escherichia coli, the electron transport 
carriers can vary under different conditions. 
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Denitrification by Pseudomonas stutzeri 
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* 

NO reductase 



4 terminal reductases 

- Nar: Nitrate reductase (Mo-containing enzyme) 

- Nir: Nitrite reductase 

- Nor: Nitric oxide reductase 

- N 2 or: Nitrous oxide reductase 



All can function independently but they operate in unison 











Nitrate vs. oxygen vs. denitrification respiration 












Bacterial metabolism: 0 2 

♦ 1. obligate aerobes - use oxygen for cellular 
respiration 

♦ 2. facultative anaerobes - will use oxygen but 
can also grow by fermentation in anaerobic 
environments 

♦ 3. obligate anaerobes - cannot use oxygen 
( Clostridium ') which causes gangrene, botulism, 
and tetanus 



♦ /-> role of antioxidant systems 




